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AIR-BLAST  CHARACTERISTICS  OF 
AN  ALUMINIZED  EXPLOSIVE 

Jun  W.  Lee,  Jaimin  Lee,  Jeong  H.  Kuk,  So- Young  Song,  and  Kyung  Y.  Choi 

Agency  for  Defense  Development,  Taejon,  Korea 

ABSTRACT 

Air-blast  characteristics  of  an  aluminized  explosive  (RDX/ammonium  per- 
chlorate/aluminum/binder  20/43/25/12)  were  investigated  .  The  TNT-equiva- 
lent  weight  factor  of  this  explosive  was  experimentally  determined  as  a  function 
of  peak  pressure  in  the  pressure  range  of  from  0.7  to  120  psi.  This  factor  was  0.9 
for  pressures  over  10  psi  (incident-wave  region)  and  increased  to  1.2  for  pressures 
lower  than  10  psi  (Mach- wave  region).  It  is  believed  that  this  increase  in  the 
TNT-equi valent  weight  factor  in  the  low  pressure  region  should  be  attributed  to 
slow  energy  release  from  oxidation  reaction  of  aluminum  powder  added  in  the 
explosive. 
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I.  INTRODUCTION 

When  an  explosive  charge  explodes  in  air,  a  shock  wave  is  generated  by  the 
rapid  release  of  chemical  energy  and  it  propagates  through  air.  Properties  of 
the  blast  wave  represent  some  aspects  of  performance  of  an  explosive  charge, 
especially  total  energy  release  within  relatively  long  time,  compared  to  reaction 
time  in  military  explosives.  Therefore  measuring  blast  parameters  such  as  pres¬ 
sure  and  impulse  makes  it  possible  to  deduce  performance  related  with  energy 
release;  total  energy  release  and  approximate  release  rate. 

The  scaling  law  was  developed  to  predict  blast  parameters  for  charges  of  an 
arbitrary  weight.  According  to  the  scaling  law,  blast  parameters  are  functions 
of  only  a  scaled  distance.  The  scaled  distance  is  given  by  a  distance  from  the 
explosion  center  divided  by  the  cube  root  of  charge  weight  [1]:  Z  —  Rj  W1/3, 
where  2  is  the  scaled  distance,  R  the  distance,  and  W  the  charge  weight.  Since 
the  total  energy  is  determined  directly  by  charge  weight  of  a  given  explosive, 
it  can  be  easily  deduced  that  the  scaling  law  is  based  on  the  assumption  that 
blast  parameters  are  related  with  the  total  energy  release. 

Different  explosives  release  different  amount  of  energy.  The  concept  of  TNT- 
equivalent  weight  factor  (TNT  EWF)  was  introduced  to  incorporate  the  differ¬ 
ence  in  energy  release  between  different  explosives  into  the  scaling  law.  The 
TNT  EWF  is  defined  as  the  ratio  of  the  weight  of  a  test  explosive  to  the  weight 
of  a  TNT  charge  which  produces  the  same  blast  effect  at  the  same  distance.  For 
most  single-molecular  explosives  or  mixtures  of  those  explosives,  energy  release 
occurs  within  a  very  short  time  (in  the  order  of  0.1  /is)  compared  to  the  time 
scale  in  which  blast  parameters  are  measured  (in  the  order  of  1  ms)  so  that  the 
small  difference  in  energy-release  rate  can  be  neglected.  For  this  reason,  the 
scaling  law  works  well  for  most  explosives.  For  these  explosives,  the  TNT  EWF 
is  determined  by  using  experimental  data  in  a  relatively  high  pressure  range, 
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typically  over  5  psi.  Although  this  factor  is  not  constant,  the  deviation  is  not  so 
big  that  the  average  value  determined  over  the  tested  range  of  pressure  is  used 
in  most  applications. 

It  has  been  experimentally  known  that  blast  effect  of  an  explosive  can  be 
enhanced  by  adding  slow-burning  energetic  materials  such  as  fine  aluminum 
powder  into  the  explosive.  In  this  case,  only  a  fraction  of  energy  is  released 
before  the  sonic  point.  As  a  result,  the  detonation  velocity  and  pressure  of 
this  type  of  explosives  are  much  lower  than  those  of  single-molecular  explosives. 
Therefore  it  is  natural  to  expect  that  the  TNT  EWF  of  this  type  of  explosives  be 
relatively  low  compared  to  those  of  single-molecular  explosives  for  small  scaled 
distance  and  that  it  increase  gradually  with  increasing  scaled  distance.  For  this 
reason,  using  the  TNT  EWF  determined  in  relatively  high  pressure  region  may 
result  in  errors  in  some  applications. 

The  objective  of  this  study  is  to  experimentally  evaluate  the  air-blast  char¬ 
acteristics  of  an  aluminized  explosive  in  a  wide  range  of  pressure. 

The  plan  of  this  paper  is  the  following.  Section  2  introduces  the  scaling 
law  and  the  concept  of  the  TNT-equivalent  weight  factor.  Section  3  describes 
experimental  techniques.  Section  4  discusses  the  experimental  results.  Section 
5  concludes  this  paper. 
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II.  THE  SCALING  LAW 

The  scaling  law  for  explosions  is  based  on  fundamentals  of  geometrical  sim¬ 
ilarity:  the  ratio  of  volumes  of  two  spheres  is  proportional  to  the  third  power  of 
the  ratio  of  diameters.  Since  the  characteristics  of  a  blast  wave  generated  in  an 
explosion  depend  mostly  on  the  explosion  energy  release,  two  explosive  charges 
of  similar  geometry  and  of  the  same  explosive  composition,  but  of  different  size, 
can  be  expected  to  give  identical  blast-wave  intensities  at  distances  which  are 
proportional  to  the  cube  root  of  the  respective  energy  release,  or  weight.  This 
law  is  called  Hopkinson’s  scaling  law  [2]  after  the  formulator. 

In  this  scaling  law,  the  scaled  parameters  are  [1]: 


Z  =  R/  W1/3 

or  R/El/3 

scaled  distance 

(1) 

T  =  tj  W1/3 

or  4/P1/3 

scaled  time 

(2) 

or  I/E^3 

scaled  impulse 

(3) 

where  R  is  the  distance  from  the  explosion  center,  W  the  weight  of  an  explosive 
charge,  E  the  energy  release  of  the  explosion,  4  the  arrival  time  of  the  blast  wave 
generated  by  the  explosion,  and  I  the  impulse.  Then,  blast-wave  parameters, 
pressure,  P,  velocity,  U,  scaled  time,  r  and  impulse,  77,  are  given  by  unique 
functions  of  the  scaled  distance,  Z ,  as  follows: 


P  =  P(Z ) 

(4) 

r  =  t(Z) 

(5) 

U  =  U(Z ) 

(6) 

TJ  =  T]{Z) 

(7) 

Theoretically,  once  blast  parameters  are  determined  for  a  reference  explosive, 
blast  parameters  of  different  explosives  can  be  obtained  from  Equations  (1)  to 
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(7)  if  their  weight  or  energy  release  is  known.  Usually,  tables  of  blast  parameters 
obtained  from  explosion  of  one  ton  of  a  reference  explosive,  usually  TNT,  are 
used  as  a  reference  (see  reference  [3]). 

The  scaling  law  and  relationships  expressed  in  the  above  equations  may  also 
be  used  in  an  inverse  sense.  They,  then,  permit  the  determination  of  the  energy 
release  for  a  given  explosion  from  experimental  data  such  as  peak  overpressure. 
The  ratio  of  the  energy  release  of  a  test  explosive  charge  to  that  of  a  reference 
explosive  charge  of  the  same  weight  is  called  the  equivalent  weight  factor  (EWF). 
When  blast  parameters  such  as  peak  overpressure  for  the  test  explosive  charge 
measured  at  the  distance,  Rh  are  the  same  with  those  for  a  reference  explosive 
charge  at  the  distance,  Zr.  Assuming  that  the  experimental  configurations  for 
both  charges  are  the  same,  the  EWF  of  the  test  explosive  is  determined  by  using 
Hopkinson’s  scaling  law,  as  follows: 

Rr/W}!3  =  Rt/{£Wt)1/3  (8) 

so  that 

£  =  ( Zt/Zr )3  (9) 

where  - 

Zt  =  Rt/  w?/3 

and  _  — 

Zr  =  Rr/Wirl 3 

where  £  is  the  EWF  of  the  test  explosive  with  respect  to  the  reference  explosive, 
and  subscripts  r  and  t  refer  to  as  the  reference  explosive  and  the  test  explosive, 
respectively.  When  TNT  is  used  as  a  reference^ explosive,  £  is  called  the  TNT 
EWF. 
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III.  EXPERIMENTAL  TECHNIQUES 

The  test  explosive  used  in  this  study  is  DXD-03,  an  experimental  castable 
plastic-bonded  explosive.  The  formulation  of  DXD-03  is  RDX/AP/Al/binder 
20/43/25/12  (weight  %).  The  configuration  of  this  explosive  is  shown  in  Figure 
1.  The  density  of  DXD-03  is  1.78  g/cm3  and  the  weight  of  a  charge  for  this 
configuration  is  ~  13  kg.  A  booster  of  90  g  composition  A-5  was  used  to  initiate 
the  DXD-03  charge.  TNT  and  composition  B  charges  of  the  same  geometry 
except  booster  size  were  also  tested  for  comparison. 

The  experimental  setup  for  blast-effect  tests  is  shown  in  Figure  2.  As  shown 
in  Figure  2,  a  cylindrical  charge  was  placed  at  a  height  of  1.9  m  and  was  initiated 
from  center.  Pencil-type  blast  pressure  gauges,  PCB  137A11  and  137A12  man¬ 
ufactured  by  the  PCB  Piezoelectronics,  Depew,  NY,  were  placed  at  the  same 
height  with  the  charge  and  at  distances  from  3  to  60  m  from  the  center  of  the 
charge.  Signals  from  the  gauges  were  amplified  by  the  PCB  464A  Dual-Mode 
Charge  Amplifiers  manufactured  by  the  PCB  Electronics,  and  recorded  by  the 
6810  Waveform  Recorder  manufactured  by  the  LeCroy  Research  Systems  Corp., 
Spring  Valley,  NY,  was  used. 
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IV.  RESULTS  AND  DISCUSSIONS 

Experimental  peak  overpressures  for  DXD-03,  composition  B,  and  TNT  in 
incident-wave  and  Mach-wave  regions  are  shown  in  Figures  3  to  8.  To  calculate 
the  TNT  EWF  for  DXD-03,  the  data  set  in  each  region  was  fitted  to  a  fourth- 
order  polynomial  by  a  least  squared-error  method,  as  is: 

i=4 

lnP  =  53ai(laZ)i  (10) 

i=0 

where  a*  are  adjustable  constants.  Peak  overpressure  data  for  composition  B 
and  TNT  were  also  fitted  to  Equation  (10).  By  using  fitted  equations,  scaled 
distances  for  DXD-03  and  TNT  yielding  the  same  overpressure  were  calculated. 
The  TNT  EWF  was  calculated  by  using  Equation  (9).  The  results  are  shown  in 
Figure  9.  The  TNT  EWF  for  composition  B  was  determined  by  repeating  the 
above  procedure,  and  the  results  are  plotted  ha  Figure  10. 

When  it  impinges  on  a  surface  near  grazing  incidence,  a  shock  wave  produces 
a  Mach  wave  (or  Mach  stem).  A  triple  point  is  the  point  at  which  three  waves, 
incident,  reflected,  and  Mach  waves,  meet  altogether.  The  farther  the  Mach 
wave  propagates,  the  higher  is  the  triple  point.  To  check  whether  a  gauge  at  a 
certain  location  is  affected  by  the  Mach  wave  or  not,  it  is  necessary  to  determine 
the  locus  of  the  triple  point.  The  height  of  the  triple  point  is  usually  given  as 
a  function  of  the  height  of  the  center  of  the  explosion  and  the  gauge  height 
(see  reference  [4]).  The  calculated  minimum  distance  at  which  a  gauge  was 
affected  by  a  Mach  wave  was  6.5  to  7  m  for  DXD-03,  TNT,  and  composition 
B  charges  tested  in  this  study.  Pressure  records  showed  that  the  Mach  wave 
started  to  affect  gauges  at  7  m  from  the  explosion  center.  In  the  above  triple¬ 
point  calculations,  all  charges  were  assumed  to  be  spherical.  At  the  position 
of  7  m  (scaled  distance:  3  m/kg1/3),  the  explosive  yield  of  a  cylindrical  charge 
is  greater  than  that  of  a  spherical  charge  for  the  same  weight,  the  calculated 
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results  might  have  been  overestimated  (but  not  shorter  than  6  m) . 

It  has  been  experimentally  found  that  there  exists  significant  differences 
in  blast  characteristics  between  cylindrical  and  spherical  charges  for  the  same 
weight.  When  a  ratio  of  length  to  diameter  is  over  1,  the  explosive  yield  of  a 
cylindrical  charge  is  greater  than  that  of  a  spherical  charge  at  relatively  small 
scaled  distance  and  decreases  with  increasing  scaled  distance.  For  a  cylindrical 
charge  of  2  kg  composition  B,  its  explosive  yield  was  equivalent  to  that  of  a  3 
kg  spherical  charge  at  an  overpressure  of  60  psi  and  that  of  a  1.7  kg  spherical 
charge  at  an  overpressure  of  5  psi  [5] .  In  this  study,  the  EWF  of  the  cylindrical 
TNT  charge  with  a  length- to-diameter  ratio  of  1  is  shown  in  Figure  11.  In  the 
above  calculations,  explosion  properties  of  a  spherical  TNT  charge  was  obtained 
from  standard  tables  for  explosion  of  1  ton  charges  listed  in  reference  [3].  To 
eliminate  the  above  geometry  effect  in  evaluating  the  blast  effect  of  DXD-03, 
explosive  yield  of  cylindrical  TNT  charges  were  used  as  a  reference  in  this  study. 

As  shown  in  Figure  9,  the  TNT  EWF  for  DXD-03  was  determined  to  be  0.9 
in  relatively  high  pressure  region  (incident- wave  region)  and  1.2  in  relatively  low 
pressure  region  (Mach- wave  region).  This  trend  was  much  different  from  that 
of  TNT  EWF  for  composition  B,  which  was  almost  constant  in  both  regions. 
These  results  suggested  that  the  energy  release  of  DXD-03  charges  was  lower 
than  that  of  TNT  charges  in  early  stage  of  detonation  and  was  greatly  increased 
in  later  stage. 

Experimental  detonation  velocity  and  pressure  data  supported  this  reason¬ 
ing.  The  detonation  velocity  of  DXD-03  was  determined  to  be  5.49  to  5.70 
km/s  at  charge  diameters  of  45  to  127  mm  [6,7].  The  BKW  code  predicted 
the  detonation  velocity  of  DXD-03  to  be  7.81  km/s.  The  detonation  pressure 
measured  by  the  high-resistance  manganine-gauge  method  was  14  GPa  [8]  while 
that  predicted  by  the  BKW  code  was  27  GPa.  The  big  difference  between  the 
experimental  data  and  the  BKW  predictions  suggested  that  a  significant  part 
of  energy  be  released  after  the  sonic  point  and  that  DXD-03  be  a  nonideal 
explosive. 
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Since  only  a  fraction  of  energy  was  released  before  the  sonic  point,  the 
energy  yield  of  this  explosive  was  measured  to  be  low  in  vicinity  of  the  charge 
or  in  relatively  high  pressure  region.  As  the  rest  of  the  energy  was  released,  the 
TNT  EWF  was  increased.  This  energy  release  behavior  is  quite  different  from 
that  of  most  single-molecular  explosives,  energy  release  of  which  occurs  within 
very  short  time  (in  the  order  of  one  tenth  of  ps).  Because  of  this  fast  energy 
release,  TNT  EWF  for  single-molecular  explosives  obtained  in  relatively  narrow 
pressure  range  may  be  used  in  most  applications  without  causing  big  error.  The 
TNT  EWF  for  nonideal  explosives  such  as  DXD-03  obtained  in  relatively  high 
pressure  region,  however,  cannot  be  applied  to  relatively  low  pressure  region. 

The  pressure  criterion  in  determining  inhabitated  building  distance  (IBD) 
regulated  in  the  DOD  standards  [9]  is  0.9  psi.  Using  the  TNT  EWF  value  for 
nonideal  explosives  determined  in  relatively  high  pressure  region  in  determining 
IBD  may  result  in  underestimation  of  IBD.  In  this  case  only  the  TNT  EWF 
value  obtained  in  pressure  region  near  the  pressure  criterion  should  be  used  for 
correct  results. 

In  conclusion,  the  addition  of  aluminum  powder  caused  slow  energy  release 
and,  consequently,  improved  energy  yield  at  relatively  low  pressure  region. 
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V.  CONCLUSIONS 

The  air-blast  characteristics  of  DXD-03,  an  aluminized  explosive,  were  in¬ 
vestigated.  The  TNT  EWF  for  DXD-03  was  determined  to  be  0.9  in  relatively 
high  pressure  region  and  1.2  in  relatively  low  pressure  region.  It  is  believed 
that  the  increase  in  the  TNT  EWF  in  relatively  low  pressure  region  should  be 
attributed  to  slow  reaction  of  aluminum  powder. 


439 


Jun  W.  Lee  et  al. 


REFERENCES 


1.  Army  Materials  Command,  “Engineering  design  handbook:  Explosions  in 
air,  Part  I,”  US  Army  Materials  Command,  AMCP  706-181,  1974,  Chapter 
3. 

2.  B.  Hopkinson,  British  Ordnance  Board  Minutes  13565,  1915,  cited  in  refer¬ 
ence  1. 

3.  G.F.  Kinney,  “Explosive  shocks  in  air,”  MacMillan  Co.,  New  York,  1962, 
Chapter  6  and  p.  187-188. 

4.  M.M.  Swisdak,  Jr.,  “Explosion  effects  and  properties:  Part  I  -  Explosion  ef¬ 
fects  in  air,”  Naval  Surface  Warfare  Center,  NSWC/WOL  TR75-116,  White 
Oak,  MD,  Oct.  1975. 

5.  J.  Wisotski  and  W.H.  Snyer,  “Characteristics  of  blast  waves  obtained  from 
cylindrical  high  explosive  charges,”  Denver  Research  Institute,  DRI-2286, 
Nov.  1965. 

6.  K.Y.  Choi,  J.H.  Kuk,  and  J.K.  Kang,  “The  measurement  of  detonation 
velocity  of  DXD-03  explosive,”  Agency  for  Defense  Development,  GSRD- 
419-90144,  Taejon,  Korea,  Sep.  1990. 

7.  J.H.  Kuk  and  J.  Lee,  unpublished  data 

8.  K.Y.  Choi,  J.H.  Kuk,  Y.S.  Cho,  and  S-Y.  Song,  “The  measurement  of  det¬ 
onation  pressure  of  DXD-03  explosive,”  Agency  for  Defense  Development, 
GSRD-419-90436,  Taejon,  Korea,  Dec.  1990. 

9.  U.S.  Department  of  Defense,  “Ammunition  and  explosives  safety  standards,” 
DOD  6055.9-STD,  1984. 


440 


Jun  W.  Lee  et  al. 


Unit:  mm 


Figure  1.  Configuration  of  a  DXD-03  charge  (  ro  13  kg). 
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CHARGE 


(b) 


Figure  2.  Experimental  setup  of  blast- effect  test;  (a)  gauge  location  and  (b)  height 
of  a  DXD-03  charge  and  gauges. 
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SCALED  DISTANCE  Z  (m/kg1/3) 


Figure  3.  Overpressure  as  a  function  of  scaled  distance  in  incident-wave  region  for 
DXD-03  (~  13  kg). 
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Figure  4.  Overpressure  as  a  function  of  scaled  distance  in  Mach-wave  region  for 
DXD-03  (~  13  kg). 
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Figure  6.  Overpressure  as  a  function  of  scaled  distance  in  Mach-wave  region  for 
composition  B  (~  12.3  kg). 
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Figure  7.  Overpressure  as  a  function  of  scaled  distance  in  incident- wave  region  for 
TNT  (-11.3  kg). 
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Figure  8.  Overpressure  as  a  function  of  scaled  distance  in  Mach-wave  region  for 
TNT  (~  11.3  kg). 
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Figure  10.  TNT-equivalent  weight  factor  of  composition  B. 
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